Abstract. The electrical characteristics of a filamentary dielectric barrier discharge using parallel-plate electrodes geometry were statistically studied. The DBD's system was powered by a 50 Hz power supply and operated at atmospheric pressure. The influence of the air gap and position of dielectric on the discharge had been investigated. It was found that the air gap distance and position of dielectric had significant influence on the discharge current pulse. The results showed that discharge with large distance between the high voltage electrode and the dielectric would generate higher current pulses during the positive cycle. The discharge energy of single pulse was also determined.
INTRODUCTION
The configuration of dielectric barrier discharge has at least one dielectric inserted between two electrodes and powered by an alternating or pulsed high voltage. A large number of filamentary discharges with millimeter size and short time duration of about few nanoseconds are observed [1] [2] . The individual discharge filament is generated at discrete time and randomly distributed between two electrodes. The electric field in the space gap is reduced by charges accumulation at dielectric surface until quench discharge occurs [1] [2] . During the reverse cycle of the applied voltage, the accumulated charges on the dielectric surface support the electric field for next discharge ignition. Hence, the discharge ignition is away occurs in same position, so called memory effect. The addition voltage caused by the accumulated charges is memory voltage. The purpose of this work is to investigate the characteristics of the filamentary discharge current pulse under different arrangement of dielectric and air gap.
EXPERIMENTAL SETUP
Two circular plate electrodes with diameter 64 mm were separated by a narrow space gap. The dielectric was held by dielectric holder and the position of the dielectric can be varied between the two electrodes. The DBD's system was powered by a 50 Hz power supply. The equivalent current and charge transfer was monitored by the 100 Ω resistor and 0.47 μ F capacitor respectively. These statistical studies of the DBD required high speed and large memory oscilloscope. If the capacitance of air gap is assumed constant during the discharge, the discharge current can be calculated according to the equation 
Here, IT is the discharge current, VT is the applied voltage, Cd and Cg are the capacitance of dielectric and air gap respectively, CT is the equivalent capacitance of the circuit.
Three different positions of dielectric arrangement as shown in Figure 1 were tested. The air gap of all three arrangements is 1 mm. From the histograms, the maximum of negative spike is much larger than positive spike when the dielectric is placed on the high voltage electrode. If the ground electrode is covered by the dielectric, higher positive current spike is detected. This phenomenon may be caused by electric field distribution on the surface of the dielectric. The conductive electrode is collecting large number of charges to support the electric field but the dielectric surface is limited by a high resistivity surface and hence higher surface charge progress voltage is required [4] . Hence the propagation of a strong electron avalanche from cathode to anode experiences higher electric field if a conductive material is used as the anode. The second reason is that different material of electrodes may influence the secondary electron emission from the electrode surface. Hence the emission of electrons from metal electrode is different from emission from the dielectric surface which depends on accumulated electrons.
The total charge transfer by DBD per half cycle is independent of the amplitude of the voltage pulse but related to the applied voltage and the capacitance. The air gap voltage calculated according to Liu's method [5] is shown on right hand side of Figure  2 . The breakdown voltage, total charge transfer and total discharge energy are equal for three arrangements and independent of the amplitude of the discharge voltage pulse. The energy of a single discharge pulse was estimated by using equation (2). (2) where Nn is the total number of negative pulses per cycle, ET is the total energy per cycle calculated from VQ diagram [6] .
CONCLUSIONS
From statistical studies of the filamentary discharge, the position of dielectric and surface of dielectric have significant influence on the discharge behavior. The number of high maximum discharge pulse is less than the number of weak maximum discharge pulse. The amplitude of the pulse is related to the applied voltage and will be increased until a maximum value. The amplitude of pulse is also strongly dependent on the air gap. By increasing the air gap distance, the amplitude of pulse is increased and the charges carried by a single pulse is also increased. Hence the total number of spikes is reduced. The total charge transfer of filamentary discharge is only related to the applied voltage, breakdown voltage and capacitance of the dielectric. The energy of single current pulse is observed to vary experimentally with the air gap distance.
However, the total number of pulses increases with applied voltage and the discharge current pulse will reach a maximum value at certain applied voltage. Figure 4 shows that the average energy per pulse varies exponentially with the air gap distance when the air gap is smaller than 3 mm. This is affected by the air gap voltage and the charge transfer by a single pulse increases with air gap.
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